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PRETACE

In mid-Februury 1963 & study of an automatic LEM mission was
undertalken in accordance with the requirements of Item C-3 of LEM
Engineering Memo L250-M03-2 by C. W. Rathke entitled “Technical
Priority Efforts, Prime Responsibility For". From the onset, 1t
was assumed that a LEM vehicle designed for automatic performance
of the lunar landing mission would serve as en "unmanned"* trial

vehicle prior to the manned landing attempte.

Under this assumption, work had progressed until early April 1963.
At this time work was redirected so that the automatic mission

became & possible alternate mode of the basic manned landing mission.

PRV E—

The important fector in the redirection was that the crew would man
the LEM and be capsble of performing menuel monitoring, switching,

override and equipment alipnment functions as required.

For example, the crew could perform:
Manual IMU alignment
Manual acquisition of CSM
Manual insertion of initial conditions into the computer

Manual monitoring of guidance and control équipment

Under the new ground rules, sutomation would be inco*porated
if the weizht and schedule penalties were not severe, compared to
the advantazes obtained. In addition, for purposes of meeting an
immediate objective of & report submission, only the descent flight

to touchdown would be considered in the redirected study. It was

* No LEM crew inputs
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also agreed that the work completed before redirection would
be summarized and presented in a separate report; (work completed

on the redirected study would be submitted at & later time). This

report is & summary of the work completed before redirection.

Contract No. NAS 9-1100 ' REPORT LRED-SLO-2
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-. I. INTRODUCTION

This report is intended to satisfy in part the requirements
for a preliminary report on the Automatic LEM study. The basis
for this study was determined in an agreement between Grummen
(C. W. Rathke) and NASA (C. W. Mathews). It is confirmed in
Grumman Memo LEM-IOM-62-4TH dated 18 December 1962, page 4, item 3
under "Mission Plen and Test Progrems". Its purpose is to study

the performénce and hardware implications of an entirely automatic

LEM mission.

In order to determine the direction of this study, several

ground rules were postulated and work has progressed based on these.

At the writing of this report, much of the LEM system was in
‘ the state of early development so t};at the information required ves,
in many cases, changing’or not yet available. As a result, any
conclusions presented are of necessity, based on the informétion

available at this time.

Thls report describes the basic ground rules of the study and
presents the nominal LEM mission profile with emphasis on
navigation, guldance and flight control and on crew participation

in these operations.

The system functions required tc¥ replaece these crew activities
in an automatic mission are outlined and the results of detailed

hardware studies on performing some of these functions are discussed.

Contract No. NAS 9-1100 w RPORT LED-5h0-2
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The automatic LEM mission will beyin with the Apollo in lunar
orbit. The two m&n Erew and associated scientific equipment will
be the payload in the "automatic LEM". By definition, the "automatic
LEM" crew will perform no contributofy function to operation of the
LEM vehicle. There is however, one exception. It has been defined
that LEM IMU alignment before separation will not be required as

part of the automatic mission.

It wes assumed that the crew member on the C3M could be utilized
to perform remote control and decision functions. It is felt strongly

that humen Judgement is required to assess the lunar terrain and

select the final landing site.

. The automatic function shall be achieved by utilizing the
existing LEM configuration and flight plan where reasonable and
pra.ctica.i. The changes made will be modifications or additions to

existing LEM equipment.

The main concern of the study has been and will continue to be
the guidance and nevigation aspect of the problem, although other

aspects may ve considered, if they are of sufficient importance.

At the present time, no consideration has been given to

automat ié abort.

Contract No. NAS 9-1100 .-_ REPORT  LED-540-2
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3. NOMINAL LEM MISSION DESCRIPTION

The folloving description is a brief familiarization with the
latest plan for the LEM mission. From this it will be seen that
many of the mission phases are nominally esutomatic or semi-automatic
in nature. However, it should be noted that there are several

critical areas where menned crew inputs are required.’

Pre-Separation |

With the Apollo in lunar orbit (100-60 n. mi.), the LEM
N & G computer is prepared for operation. The LEM IMU (inertial
measuring unit) is fine aligned by the crew using the SCT (scenning
telescope). Next, the radar altimeter system is activated by the
crewe The desired landing site has been selected from the C3M

utilizing the sextant provided.

Separation

The LEM crew initiates separation. Tuere is & LEM Lranslation
awvey from the CSM along its X axis. This is manually controlled by
the crew utilizing the RCS (Reaction Control System). During this
tfanslation the LEM attit@de is held constant aﬁtomatically using N & G

(Vavigation and Guidance)stabilizing signals to the RCS8. -

Reorientation for De-Orbit Boost

Except for initiation, this complete maneuver is automatic,
controlled by N & G system command signals to the RCS Jets. It

consists of accurately controlled pitch rotation, and yaw axis

hold. The roll exis attitude is coarsely held.

Contract No. NA3 5-1100 - REPORT  LED-540-2
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In)ection Into Synchronous Transfer Orbit

This complete maneuver is autometic and controlled by N & G
srstem commend signals to the RCS and main engine. Pitch and yaw
attitude control is precisec. Roll control is coarse. Main engine

thrust turn on and cut-off is commanded from the N & G system.

Descent Coast

The attitude rotation maneuvers for observation and preparation
for powered descent are automatic and controlled by N & G system
command signals to the RC3. The radar antenna controlvia either
manueal of commanded through the computer to acquire the CSM. The
redar altimeter is manually activated and checked prior to powered
descent. The crew surveys the landing site from the LEM. The
coast period ends at 50,000 feet pericynthion. (There is & possibility
that an extra orbit would extend the coast phase. In this case, the

IMU would require additional fine alignment).

Powered Descent

The LEM attitude and rotation program is automatic. The RCS
servo-loop gein control (which is required due tvo large chan_es of
vehiéle moments of inertia) is automatic with manual override. During
this phase, a pre-computed precislon pitch prograsm will most likely

be imposed and accurate vaw and roll control reguired. The navi_ation

and guidance system command signals control the RCS for attitude and
the main engine for velocity changes. The altimeter is put into
operation by the LEM crew and 1s used for obtaining data on altitude

and velocity for updating the N & G system. The crew surveys the

landingz site with the SCT. This powered descent phase 1s ended with

REPORY LED-bhu—a
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an automatic flare starting at 5,000 to 10,000 ft. and terminated

at 1,000 feet and LEM velocity is reduced to zero or near zero.

Hover, Terminal Descent and Touchdown

During flare out to hover, the LEM vehicle is manually or
automatically pitched to the vertical. In hover there may be a
manusal roll rotation.for landing site inspection. Visual lending
aids (flares, landing lights, etc.) are deployed. The characteristics

of the terrain are checked and an sctual landing site chosen. )

The descent is performed either automatically, with capability
for manual override and modification of the autométic descent or
completély manually. Therefore, thrust and RCS control is derived
either by comhand from the N & G subsystem or from the crew. Trans-
lation i; accomplished by rotatiny the vehicle until the required
horizontal thrust component is attained from the descent engine.

The RCS is employed for vernier transl&tional‘control. The RCS

servo loop gain control is sutomatic with manusl override.

Post Landing Phasc

Using cither data derived from tpe radar or the SCT, the
crew establishes the LOS to CSM. The radar iracks thé CS to
establish its orbitsel plane. Two known stars may be sighted by
the crew to establish orbitel plene reference. The crew aligns
the IMU with the local vertical end paralle} to the CSM's orbital

planees

Contract No. BAS 9-1100 ' REPORT LED-5L0-2
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The crew programg the N & G computer for ascent trajectory
control. The computer 1is activated and guidance mode selected.
Overall check-out of LEM systems is performed. After this is
accomplished, the.vehicle is put in a power standby condition and
the crew continues the mission. Power is turned on again to repeat
the above sightinz and alignment procedure when it 1is necessary

to prepare for the ascent boost phase.

Ascent Boost

This phase is completely automatic except for crew checks.
The N & G system commands the automatic firing of the ascent stage.
The N & G system commands a precisé programmed pitch rotation to
establish the ascent trajectory. Preclise yaw and roll control is
also held. The trajectory consists of a vertical rise &nd a
pitch over to a horizontal flight path angle at 50,000 ft. altitude.l
The crew previously had determined whether to establish & parking
orbit or to continue through to a Hohmann transfér based upon the
LEM - CSM phase anile at launch. Assuming the parking orbit is not

chosen, the Hohmann transfer (ascent coast) is started.

Ascent Coast.

Contract No. NAS 9-1100
Primary No. 013

The coast phase is a semi-automatic mode. The LEM vehicle will
continue on ité éoast trajectory with midcourse corrections being
commanded by the N & G system to the RCS. During this phase, only
8 coarse attitude hold sbout all 3- axes is required. Reorientations
for observation of CSM may be performed automatically or by manual
commands from the crew. In preparation for rendezvous, and midcourse

corrections, the LOS to the CM is obtained by either manually

slewing the SCT and rendezvous rader or by computer commands.
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R:endezvou

' This phase can be completely automatic once the LOS to the
CSM is obtained and the radar is locked on. The N & G system will
t))en compute terminal corrections for adaption to the CSM orbit
nthrough translational and rotational cqmmands to the RC3. During
this phase there is precise control about all three axes. The crew
merely monitors LOS nullihg and R and R as the LEM closes on the
CSM. When range is less than 500 feet and range rate is betweén

0-3 ft./sec., preparetion for docking begins.

Docking
This phase is performed manually. The LEM crew will command

angular rotations or translations utilizing the RCS in the attitude
hold mode. The crew prepares for docking by selecting the docking
. hatch, turning on docking lights, etc. The closing and lateral
trenslation rates are manually reduced to approximately 1 ft./sec.
Attitude rates are mnuniiy reduced f.o approximately 19/sec. The

maneuver 1s continued until final attachment to the C3M is attained.

Contract No. NAS 9-1100 W rerort  LED-540-2
Primary No. 013 e DA 23 April 1963
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RMQUIREMENTS FOR A COMPLETE "AUTOMATIC" MISSION

In order to fully automatize the mission, the following

automatic functions must be accomplished during each phase.

Pre-Separation
1. Automatize star sights and fine alignment of IMU.
2. Automatize N & G computer preparation and activation
of radar altimeter.
Separation
1. BEither have CSM crew perform the translation for

separation or automatize the translation from the LEM.

Reorientation for De-Orbit Boost

1.

Except for initiationm, this phase in normally automatice.

Injection Into Synchrondus Transfer Orbit

l. Nothing need be'done as this phase 1s normally automatic.
Descent Coast

l. Gimbaled radar must be automatized to seafch for and lock
onto the CSM.

2. Automatize star sights and fine alignment of IMU, {f there
is an extra coast orbit.

3. Automatize preliminary activation of radar altimeter.

4, CSM could remotely survey landing site (optional).

Contract No. NAS 9-1100 w REPORT  LED-5l0-2
Primery No. 013 g DATE 25 April 1963

GRUMMAN AIRCRAFT ENGINEEIING CORPORATION



[
|

Powered Descent

1. CSM could remotely survey landing site (optional).

2. Autometize final activation of radar altimeter.

Hover, Terminal Descent and Toucndown

l. Automatize dropping of visusl landing aids.

2. Automatize vehicle pitch to the vertical at hover point.

3. Automatize the descent trajectory and attitude control to
toﬁchdown..

L, Remotely.monitor surveillance of landing site from CSM.

5. . Autom&tize~translational maneuver required to change landing

site location.

Post Landing Phase

1, Automatize\radar search and lock on to CSM.
2. Automatize star sights and IMU alignment;
3. Automatize prosramming of N & G computer for ascent trajectory.

k. Automatize system checkout and preparation for launch.

Ascent Boost

l. Nothing need be done, as this phase is normally automatic.

Ascent Coast

1. Automatize radar acquisition of C3M.

2. Automatize attitude commands for sighting or visual checks.

Rendezvous

l. Nothing need be done, as this phase is normally autocmatic.

Docking

1. Either have CSM perform docking or automatize the LEM's

Contract Ho. lA3 9-1100 RePORT LD 540-2 -
Primary No. 313 : DATE g ,pril 1903
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‘ docking procedure to CSM.

Smumary_

In summary, the following functions must be performed auto-

matically or remotely from the C3M:

l. Star sighting and IMU alignment.

2. Remote rsurvey of landing site from C8M.

3. Descent trajectory and attitude control from hover point
to touchdown.

4. Redar acquisition of CSM.

5. Switching, programming, system activatioﬁ and power shut

down.

6. Docking and separation.

Contract No. NA3 9-1120 rerort LED-540-2
Primary No. 013 ; DATE 29 April 1963
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5. DISCUSSION OF AUTOMATIZED FUNCTIONS

. Detailed consideration will now be given to each of the

functions which are to be "automatized".

Docking and Separation

S8eparation is sutomatic except for the manual translation.
There appears to be no real advantajge to autématizing the sepa-
" ration translation maneuver along the X axis. It is a very simple
-operation and is just as easily performed by the CSM. When the
CaM performs the translation, the LEM may remain passive in trans-
lation and as previously in an attitude hold control mode about all

three axes.

- In contrast the docking maneuver is almost entirely manual,
probably requiring ﬁEM attitude hold about all three axes, and 1is
a fairly complex maneuver. This type of operatioh is delicate and.
it requires a grest amount of flexibility to make the necessary

adjustments for a successful docking.

In order to perform the final contact and coupling operation
"~ automatically, it is required that there exiét a highly accurate
knovledge in relative angular and translational rates between LEM
and CSM. It also requires an accurate knowledge of relative angular
end translational positions. As & result, feaslbility of aﬁtomatic

docking may be severely limited by sensor accuracies.

Contract Noe Nias 9-1100 m REPORT Lot~ 5i40-2
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. On the other hand, the wanusl control method offers
flexibility since the docking partner may be kept in view. As
in seperation, the CSM may dock Lo the LEM with the LEM in a

passive translation and altitude hold mode.

It should also be nolted that during the Apollo mission, Just
after earcvh orbit and lunar injection, there is & transposition
and rotation where the CSM separates and performs e 130° rotation
with respect to the LEM end then & _ain docks to the LEM, which
certainly demonstrates the ability of the CSM to perform separation

and dockin;; functions.

Therefore, from the standpoint of minimizin.; modification to
LEM, simplicity, reliability, and flexibility it appcars that the
‘ CSM should perform do\ckinL-; and separation rather than automatize the

LEM to perform these functions.

Switching, Prosramming, System Activation and Power Shutdown

Durin_ the course of the nominal LEM mission, a certain amount
of mannual gwitching is requireds The N & G computer must be prepared
‘for operatioﬁ and projirammed durin : Pre-separﬁtion and Post Landing
phases. The radar altimeter must be Activated and checked during;
the Pre-separation, Descent Coast and Powered Descen£ Phases. -The
simvaled radar must be activated and checked during the Descént Coast,
and Post Landin;; phases. The descent and ascent engines and RCS
must be pressurized and checked by pushuuhton operation and meter

monitorin; durin; Pre-gepartion. The descent en_ine is manually

fired vased on the timing disploy for Injection and ajain for

Contract soe 303 9-1100 > REPORT L= i0=2
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Powered Descent. During the Post-landing phase, the descent stagze

is perwanently shut down by manuel switchin. Also, the aséent

and RCS systems are pressurized and checked as previously at'cerbain
time intérvaln until Ascent. Ullag.e is normally provided by activating
the RCS X-axis thrusters before main engine firin,. Tank switchover
is an abort mode which is normelly performed manually. In addition,
there are other miscellaneous switching functions required. BSome of
these functions may be performed remotely from the CSM if the control,
switches and required display indicators are provided. The remaining.
functions mey be prosrammed. For ullase, the X axis RCS thrusters may
be fired prior to all main en:ine firingslin ordér to eliminate remote
comnanding from the CSM. (The additional fuel used would be very
small). The CSM-LEM communicetions link could probably be utilized
for the remote oper;tion since bit rate requirements for this type

of On-Off command is generally small. This area does not seem to
present & problem in the LEM from & wei ht and_impleméntation stand-
point, although additional switching and display equipment must be
added to the CSM. Further studies are required to pinpoint switching
operations and switching frequency in order to exactly specify the

equipment changes required.

Radar Acquisition of CSM
Radar acquicition of the C8M from the LEM is required during the

Deecent Coast, Post Landing, Ascent Coast and Rendczvous phases.

The LEM diital computer can compute the CSM position durin;

Contract Nos. Nho 9=-1 ' : rerort  LED-540-2
Primary No. 013 DATE 29 April 1963
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descent as & function of time baged on its position before sepa=
ration. During lunar surface stay time the.computer power 1g shut
down, but a clock could keep track of time, so that when the
computer is reactivated the CSM position mey be updated. Upon
command from the CSM crewman, the LEM digital computer may command
an initisl angulaf position for the LEM gimbaled radar entenna,
which should be near enough to the actual CSM position to enable -
acquisition (see discuésion on star sightinz and IMU alignment).
The radar at this time will be in an automatic track mode and can

firast search for and then lock on to the C3M.

Although the primary navijgation and guidance system including
computer and the radar have not been completely defined, it is under-

stood that the computer and radar‘will contein the required capability

~

to perform the above mentioned functions.

Contract Noe Mig 9=-1100 m REPORT [ )ci)- L y-2
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. 6. REMOTE SURVEY OF LANDING SITE

Introduction

In Section 4 it has been stated that remote surveillance of the
landing site during hover eand terminal descent is desirable. Remote
monitorin: may be instrumented by placing a television camera in
the LEM and & television display in the CSM such that the landing
point is in view during the critical portion df‘the descent. This
would present the required data to the CSM crewman to enable him to
make a decision regarding a chanse in the target landing site
coordinates. During this phase of the mission, 1t is planned to
have ean automatic pree-projrammed descent trajectory capable of beilng
modified by manual inputs. If the landing site is changed, a new
automatic trajectory is computed to guide the LEM to the newly
selected landin; point. This would remove £he burden of remote,
manual piloting to touchdown based on a display that may perhaps

not be as sultable as an actual view of the site.

Some of the areas which will be considered in the following
discussion on remote display of the landin; site are: Lizght available
for TV camera, lens and angle required based on light and resolution
required, use of artifical light to supplement natural illumination,

plocement of TV comera, TV camera bandwidth and display flicker rate.

. Li-ht Available and TV Cumera

In the lunar day, the light available by reflection from the
moon's surface will be more than sufficient for effective remote
surveillence. However, in earthshine the illumination level becomes

mariinal with respect to IV camera sensitivity. To implement the

Conb et hue K J=1100 m REPORT 1 ED. 540-2
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remote surveillance fcature, there is a choice of two TV camera types.
One 18 the Vidicon, weigzhing approximetely 5 pounds, the other i8 an
Imagze Orthicon, weighing epproximately 40 pounds. From the stendpoint
of weight, reliability, complexity and wattage required, the Vidicon
is to be preferredf From the standpoint of ability to operate on
marginal light, the Oithiconbis superior, since it requires‘l/lo the

illumination of the Vidicon camera.

There is approximately 0.1 ft-candles of lisht reflected fram
the moon's surface during earthsine. This is at the margzinal point

for operation of the Vidicon camera.

Lens Required

The lens required will be specified by two important factors,
the £ number and the field of view or lens an;le. (It is assumed
thaet the resolution is limited not by the lengqpality but the ™V
display and TV camera). The first factor is based on the light
which must be gathered and transmitted to the Vidicon camera pick-
up tube and the second factor is based on resolution of the TV

picture.

With the earthlight available and essuming a lens transmission
factor of .8,a Vidicon tube requiring .1 ft-candles, it has been
determined that the f number rcquired is approximately f/.S. Further
investigacion must be performed to determine practicality of the lens.
It 1s known that the lowest f number lenses in use are f/.T. Whether
this is a lower limit is yet to be determined. The formula used for

this calculation is &8s follows:
\

Concuruet NOe 1o ﬁ"_'t.l\) REPORY | sD- )ard=dd
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emount of li ht required at photocell

a gurface incldent lizht x reflection factor x optical transmission factor
4 fe

The angle requirements for the lens fleld of view is determined
by the TV display resolution requirements. The following discussion
applies to & straight vertical descent trajectory. It is assumed
that at a 1000 ft. range from the lending site, & 2.5 ft, object
should be distinguishable on the TV display at the CSM. In addition,
a one foot object should be distinguishable at approximately 400 ft.
until touchdown. If the field of view 1s selected at 500 to satilsfy
the 2.5 ft. resolution requirement, then 1 foot resolution is
achieved at 360 ft. However, as will be discussed subsequently, &
700 field of view would be required as the landing site is approached.
This will provide view to ensble last minute changes in the target land-
ing point. The factorsassumed for the TV display are: aspect ratio
h/3, numbsr of effective lines 500, and cbjects must be displayed on

" & minimum of two lines to be distinguisable.

Appendix A indicates the method of resolution calculation and
derivation of formula required for-the simpler case of a vertical
camera ancle. Knowing the slze of the object to be distinguished,
and the distence of the camera from the target site, field of view
mey be directly calculated, or vice versa. The formula given applies

only to the case of a 500 line TV display, but may be easily modified

for any number of lines.

Conteact Nos MG Y-1100 ] REPORT [, D-5%0-2
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TV Camers Bendwidth

The bandwidth required is essentially & function of the number
of lines (or resolution) and the frame rate of the display, since
these paraheters determine the information rate transmitted over
the communication link. The relationship between these parameters
is given by the following expression:

& (NL)E K fv

"
]
ol

vhere a = espect ratio = 4/3 for optimum view

e

total number of horizontal lines = 500

fy = frame rate = 30 cps (with 2 to 1 interlaced scanning)

]
(]

constant typical value = .3

f = video band width in cps

£=1(4) (500)2 (.8) (30) = 4 x 106 cps = 4 me
2 (3
This bandwidth may be reduced if the frame rete is reduced to

10 frames/sec. in which case the required bandwidth would be 1l.33 mec.

Further study is required to see what the lower limit on freme

rate is to display an acceptable picture.

The present communication link between the LEM and CSM is not
usable for the TV transuission bandwidths required. This would mean
that either an additional link would be reguired for TV alone or that

'
a link of greater capacity would have to replace the origlnal one.
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Use of Artificial Light to Supplement Earthshine

Assuming a 50° lens field, an incendescent leaup could be
focused within the same 50° cone. A 1000 watt type H A-HO #74h
incandescent bulb gives a total of (5,000 lumens. At 1000 ft.
verticel altitude the area covered by & 50° cone is 680,000 square
feet. Thus, the light illuminance incideni on the moon's surface
would e approximately O.1 lumens/ft.2 or .1 ft.-candles. This is
approximately 1/14th of the light which would be received by the
moon feam earthliht. Therefors, 0 wabch s Lbiiyil 14,000 watts
woﬁld be required. This amount of power is not practical at the
preaeﬁt time, and 1t appears that some other ueans will have to
be found to supply artificel lisht. Flacres way be more'suitable

for the high lighting and short perlod of time involveds Further

study should ve made for determining the feasibility of fiares.

It is also possible that the Vidicon cemera mey be improved
in sensitivity to the point vhere liught requirements are no longer

marzinale.

Placement of TV Camera on the LEM

There are many possible terminal descent trajectories from the
1000 ft. hover eltitude which are feasible for the automatic LEM. A
study has veen initiated to propose and determine the optimum one.
Figure I presents one trajectory profile which is under consideration
and mey perheps be representative. This figure is & plot of LEM

altitude a8 a function of downrenze location, with vehicle pitch
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attitude identificd at various points along the curve. ‘(Attitude
angle is measured from the risht hand side ofAthe horizontal in a
counterclockwise direction). The pitch ansle early in the descent

of 68.5° reflects the necessary angle cf the thrust vector to

impart & horizontal motion from the zero velocity hover condition 

at 1000 ft. This maneuver introduces hish pitech rates and offers

poor visibility at slart of descent. This problem may be alleviated
by ellowing & small residual horizontel velocity couponent (100 fte. sec.)
at hover instead of reducing all components to zero. If all velocity
éomponents mist be reduced to zero then a gain change .in the guidance
law mechanization may reduce the severity of the pitch maneuvers. This
provlem is to be studied further and this trajectory islonly pfesented

here to serve as & framework Lo study the camera placcment problem.

It i1s desireable to plﬁce the camera in a fixed position to
avoid the welght and complexity of stabilizing & gimbaled mgunt.
Therefore, some investigation was mede into the mounting of a camera

in 8 fixed location.

Figure 2 is the visual down range coveraze obtained with a fixed
camera axis placement at an angle of U450 from the thrust axis using
the trajectory in Figs. 1. The lens field of view is 50°. In order
to obtain the visusl coverage down ran’e, enter the shaded curve at
the known LEM altitude and reed off the upper and lower point of the
shaded area. The relative poslition of the landing site in the visual
field of view is also indicated. If down range locatlion is known,

enter the curve on the vertical axis intersectingz the dotted line
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(1ebeled Down Range Position of LEM). Projectin:; vertically gives
the same information as above and, in addition altitude of LEM.
Inspection of this figure indicates that the landing site is out of
view for the last 70.feet of altituae descent. This may be rectified
" by employin; & wider field lens at this point or sooher es long as
the resolution requirements are not exceeded (see section on Lenses
Afor method of computa;ion). Fijure 3 shows the affect of using a
T70° lens from the onset at the 1000 ft.. hover point. In this case,
the landing site 1s seen for essentially the whole trip. A disaed-
vantage of this is that no ares beyond the landing point 16 seen for
the last 10 feet. In addition, the resolution requirements utilizing
& 500 line TV display are not met. A means to increase the‘arca beyond
the landing site is to shift the camere lens angle forvard, at the
appropriate point, éﬁd the ﬁeans to satisfy the lens resolution
requiremént is to switch lenses at the appropriate point. This implies
use of a turret lens and & movable prism lens system both driven by |

remote command.

Figure L indicates the results of employing the above &8 &
typlcal means of satisfying resoclution and visual requirements.
Initially, a 50° lens is placed at an angle of 45 with respect to

the thrust axis.

At spproximately & 150 foot altitude, switch over is made to
& 70° lens with a turret. lens arrangement to enleryge the fiéld of
viewe At a 50 ft., sltitude the mount 1s then switched to & second
preset position (forward 5°) making & 50° angle relative 'to the

thrust axis.
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T+ STAR SIGHTING AND IMU ALIGNMENT

The alignments and sightings required during the mission are
summarized as fdllows:
l. Fine elign IMU by tracking two sters during pre-separation.
2. PFine align IMU by tracking two étars during the descent
coast phage, if an extra orbit is incorporated in the mission
profile.
3+ On the lunar surface, track two known stars and aligzn IMU
to CSM's orbital plane and local vertical. Then power is
remobed from N & G. Power is restored in preparation for

ascent.

In case 1 above, provision for automatic aligznment is not
required since it has been directed that this need not be considered
prior to separation. For cases 2 and 3 two brocedures are discussed.
One is based on the assumption that the LEM‘vehicle does not change
attitude after landinzy. The other would be utilized if there is a
change in attitude after landinz which ;s not measured by the IMU
due to power shut~off. Both methods require use of an automatic
gtar tracker, computer stored star table and additional computer

progremming.
The first procedure would operate &s follows:

Upon remote command from the CSM, the automatic ster tracker
would be commanded by the dizital computer to sequentislly point at
two stars end track them. The data for positioning the star tracker

would be available if the followin: contreints are obtserved:
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Before Touchdown

8, The IMU is lined up w1£h the original inertial reference
(with some small error due to normal equipment drifts,
sensor &accuracies and biases).

be. The computer has stored the table for star location with
respect to this same reference.

¢c. The attitude of LEM vehicle with respect to the IMU can

be derived from gimbal pick-offs.

After Touchdown

de With the N & G system still operating, the attitude of the
platform continues to remain constant with respect to
inertial space. The attitude of the vehicle, however,
starts to chanse with respect to the IMU due to the Moon's
rotation aﬂ& the moon-earth motions ‘The instantaneous
attitude is read from gimbal pick-offs relative to LEM.
Therefore, the star tracker may still be computer positioned
based on star tables, time, LEM location on Moon's surface,

and 8 knowledgze of LEM star tracker unobstructed view.

When power is shut down, the following b&rameters may remain
stored in the computer memory:
g. Llatitude and lonsitude of LEM on Moon's surfece
b.. Last yaw, roll and pitch attitude with respect to the
originel inertial reference.

¢ Last CM orbit.

It is assumed that the clock continues to run.
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Based on the above assumptions, it is posslble to compute

the new LEM attitude with respect to the old reference. The o0ld
reference may be first set up by commanding to the IMU the stored

yaw, roll and pitch angles relative to LEM prior to shutoff. Since

the LEM change in attitude may be computed based on time and the

known motions of the Moon, this may Le added to the old sttitude

anzles to re-derive the o?iginal inertial reference. To obtain

the present orblt of the CM relative to the LEM for radar or IMU
positiohing,‘the stored orbit must be modified according to the computed

change due to Moon's motion.

If it could not be assumed that the LEM attitude change at
landing is insignificant,then anotﬁei procedure must be fdllowed.
In th;s case, star sighbings must be ﬁéken to establish the azimuth
o;ientation of the'tégle (the local ;ertical could be sensed by the
accélgrometers).. if the azimuthlreference is lost, thén the automafic
star tracker woﬁld have to search the whole 3600 field in azimuth.
There are two methods to obtain & more direct pointing. The first
method 18 to utilize a pattern recognition device which crudely
identifies groups of stara. Some preliminary work has been done in
the development of such a device. The sacond method is based on the
fact that no pair of stored stars below some magnitude have equal
anguler separations (uinimun difference 1/29). 'The star tfaekef
would‘start searching at its random azimuth position and would lock
on to the first star of sufficient brightuness it encounters. The

next step would be for the computer to start down the star table

at the various angular scparations end position the star tracker
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. . eccordingly until it locks onto the next star: When this happens

the location and identity of both stars are known because the angle
is unique. Next, azimuth direction may be obtained from a star
table and the IMU way be alizned. The cqualion to calculate the
angle between two slars for cowperison with the angles is as
follows:

Cos 5

Sin Eg Sin Ep + Cos Eg Cos Ep Cos (Y a -Yb)
b’ = ancle between two stars sighted

E = declination of sters in celestial coordinates
\V = azimuth of stars in celestial coordinates

8, b = subscripts for two stars a and b

Further study would be required to determine the search time
‘ and program changes required based on derived equations simulating

the live situation.
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8. SUMMARY AND RECOMMENDATIONS

In the preceeding discussion, it has been scen that the
following functions must be automatized or performed remotely to

satisfy the requirements of a comp].etely automatic mission:

S‘tér sighting and IMU alignment.

Survey of landing site from CSM.

Descent 'trajectory and attitude control {rom hover point to
touchdown.

Initiation of ullage thrust.

Radar acquisition of CSM.

Switc‘hing, programming, system activation and shutdown.

Docking and seperation.

The most critical problem areas are the dut,omatic IMU alignment
and the requirement for remote survellance of the landing site.
Automatic alignment requires added weight and ébmplexity since -
automatic star trackers must Le employede The remote survey of
landing site is critical because, in addition to edded equipment, it

- imposes vandwidlh requirements which exceed tnat available in the

present LEM-CSM data link designe

The following discussion will swmarize the ‘-anlusic’ns and

recommendations of the automation studyt

Star sightings for IMU alignment require the addition of an 7’ Ak
eutomatic stér traecker and possibly of & star pattern recognition / £ /&~

device.
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Remote survey of the landing site from the CSM utilizing TV
is practical with the addition of TV camera on the LEM, display on
CSM and replacement of< the data communications link between LEM and
CSM with one of much wider bandwidthe Further investigetion is
required for determination of minimum bandwidth requirements. (AW
Provision of artifical illumination for the recommended Vidicon
camera by means of flares rather than incandescent light should also
be studied. (Cursory investigations indicate that flares have a
very favorable light per unit weight ratio and sufficient peak light
outputs for short time durations). A fixed TV camera mounting with
a turret lens and a two position lens arrangement will provide
satisfactory capability for remote landing site surveillance, as

indicated by a visibility study of & typical descent trajectory.

Automatip radar acquisition of the CSM appears to be a ‘///) e

capability already essentially designed into the system.

It is recommended that docking end separation maneuvers be 7 xi57 7

performed manually be the CSM crew members rather than automatically

Switching, activation, programming end monitoring functions.ma&
be performed either remotely by installation of the necessary controls
end displays in the CS8M or by LEM programmed operation. Further mission
and equipment study is required to determine the optimum implementation

of each function.
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Study has begun to investigate various guidance laws and
trajectories which could be suitable for an automatic descent to

touchdown.

An estimate of additional weight and power required to perform
the LEM mission automaticall& has not been derived since the
redirection of the study has eliminusted the need for remote IMU
alignment and landihg site surveillance, which would cieate the
greatest hardwaere weight penulty. The next report presenting the

results of studies performed under the new ground rules, will indicate

the detailed hardware implications.
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APPENDIX A

T DNeze-s

AL LENS FIELD
l- T " \ - OF VIEW

T.V. PRESENTATION

&
I
.I"‘

il

[

b % ‘
- 4R,

Definition of Symbols:

[

Q ‘'m 20 = lens field‘dr lens angig
d = distance from TV camera on LEM to landin_ site (ft)
2y ‘= short side of viewed fectan;le (ft)
q .= ft/line of TV required

8 = minimum size in flL. of object to be distin uished

Derivation of Fonnula Relatin;‘Lcns An le to ObJect Resolution

ten 8 = R

a
Sinde ABC is a 3:4:5 right triah;le, the following relations hold:
LR = x = by
p) 3
.seince R =

tan @ =

2y - 500 lines x q ft/line

y = 250 q ft.
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S -

tan @ = L17 Q
da

If 2 lines are required to resolve an object - and 3 is the size
"of the object to be resolved, specifi@ation of size of object to

be resolved S is related to q as follows:

q ft/liae = {s 1t)

2 lines

ey
(]
e

tan €

8) :
b17 {2d) = 208.5 2 > 209§
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